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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: 3.15.0 ORIGINATOR: JEC/MM ASTRO PROJECT: GFE
PART NAME: ELBOW STACK LRT/ORT PART NUMBER; 3278800-506 QUANTITY: 1
PART NUMBER; 35278890-506 LRU/ORU PART NAME: CTVC RYSTEM: CCTV
LSC CONTROL. NO:N/A DRAWING/REF DESIGNAYOR: 1278894 SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT STAGE:

CRITICALITY:
CRITICAL ITEM?;__Yes_. SUCCESS PATHS:
CRITICALITY CATEGORY: 1R/Z__ SUCCESS FATH REMAINING:
END TTEM NAME:
END ITEM FUNCTIONAL:

END ITEM CAPABILITY:

END ITEM FAILURE TOLERANCE.

REDUNDASCY SCREENS: (OREITERSFACE STATION

A = Pass

B - Pass

C - Pass

D -

FUNCTION: Camera will aod respond to commands

Worst Case: Unable to conirol elbow PTU prevents stowing RMS,
FAILURE MODE CODE:

FAILURE MODE: Loss of location ¢ode informartion.

CAUSE

Al Fower supply
A4 Com Dec/Tel Enc

' FAALURE DETECTION:

REMAINING FATHS:

EFFECT! MIS510N PHASY:
CORRECTIVE ACTTON:

None

FAILURE EFFECTS-
END ITEMIRU/ORU/ASSEMELY: Loss of camcra oulpuL
SUESYSTEM/NEXT ASSEMBLY/INTERFACE: Ne videa
SYSTEM/EMD TTEMMISSION: Loss of miszsion crisical video

CREW/VEHICLE: None.
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL 1TEMS LIST

FMEA NUMBER: 3.15.0 ORIGINATOR: JSC/MM ASTRO FROJECT: CFE

PARL NAME: ELEQW STACK LEU/ORU FART NUMBER: 127TA500-5046 OUANTITY: 1
FART NUMBER; 32T8R90-506 LRTAORL PART NAME: CTVC SYSTEM: CCTY
LSC CONTROL MNO:NFA DRAWING/REF DESIGNATOR: 3278800 SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT STAGE: -

HATARD INFORMATION:

HAZARD; YES___ NO_X__
HAZARD ORGANIZATION CODE:

HAZARD NUMEER:

TIME TQ EFFECT:

TIME TO DETECT
TIME TO CORRECT:
FAILURE DETECTION/FLIGHT:
REMARKS;
~-RATIONALE FOR ACCEPTABILITY-
() RESIGN:

standard prioted circuit board type construction. The remaining six nssemblies, 3 stepper motors, 1 brushkces molur,
Prism/CCD, and Lens assembly are veodor supplies componcnts, which have leen specified aod purchased sctording to GE
Spesification Contrsl Drawing {(RCDs) prepared by Engineering and Product Assurance. Specifications per the SCD are
performance, test, qualification, 2nd acceptance requirements for a procured piece of equipment. Parts, malerals, processes,
and desizn guidelines fgr the CTVC prozram are specified in accordance with GE 3267759, This docoment defings the
program requirements

The CTVC is comprised of 21 electrical subassemblies; 15 subassemblics zre GE Astro Space designed and fabricated usiog .

MI-STD-975¢ witl serve a5 the primary EEE parts gelection document. T a suitable part cannot be Tfound o MIL-5TD-
9750, equivalent EEE parts that meet the following criteria may be subsdiluted.

Microcircuil § are at lease Class B Level, MIL-M38310 devices. All micrpcircuity are subjecied 10 Pactiche Impact Noise
Detection (PIND) testing per MIE-STIHE83C {except for devices with plastic ¢poxy-type package)

Diodes and transistors ave at least JANTXY in accordance with MIL-5-19508. AN semi—conductors in cavity-type packages
arc subjectad 10 FIND (esting per MIL-STD-883C. Relsys are procured to the highest military established reliability (MIL-
ER) level as defined in MIL-R-39016. Relav:s are tubject to PIND testing.

Swilches ure procured 1o at Jease 1he seeund highest level of the appropriate MIL-ER specification. Switches are subjected to
cither FIND testing nr X-rey analysis as appropriate, {or particle detection.

Qther discrote parts are procorsd 1o at least the seeond highest level of the appropriate MIL-ER specification,

Parts oot included in the above documents kave been used in the desirn anly after 4 non-standard parts acceptance regquest
{NSPAR) hax heen prepared, submitted 0 Reliability Assurance Engineering and apgroved for use in the specific
aplicationfs) defined in the NSPAR by NASA-JSC.

Woist case circuit analyses have been performed and documented for all ciccuil designs 10 demonsirate (hat sufficient .
oprrating margins exist for all eperating conditiong, The analysin was worst case in that the value for each of the varisble
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FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: 3,15.0 ORIGINATOR: JSCMM ASTRO PROJECT: GFE
PART NAME: ELBOW STACK LRU/ORU PART NUMEBER: 32783%0-306 QUANTITY: 1
PART NUMEER: }27REM0-504 LEV/ORU PART NAME: CTVC SYSTEM: CCTY
L5C CORTROL NO:N/A DRAWING/REF DESIGNATOR: 1278520 SUBRYSTEM:
LONELOCATION: N/A EFFECTIVITY/AFFECT STAGE:

parameters was set 10 limits that will drive the output 10 2 Nazimum {or mig). A component approach review and analysis
was conducted to verify that the applied siress on ach piece part by the temperature extremes identified with environmantal
gualification testing does not excced the stress deratiog values identified in GE 3267759,

Ir 2ddition, an chjcctive esamination of the design was performed through a Preliminary Design Review and Critical Design
Revicw 10 verify that the CTVC met specification and contraciual requirements

BARE BOARD DESIGN _

All boards are constructed from laminated copper—<clad epoxy glass sheets per MIL-P-13349 Type & Grade A, Circait
connections are made through printed traces which run from point (o paint on the hoard su rfaces Every trace lermingies at
an anpular ring. The annular ring surrounds the bole in which & component lead or terminal is located. This rieg provides
a Tooting far the solder, ensuring good mechanical and electrical performance. Iis slze and shape are soveroed by MIL-P-
55640 a5 are trace widths, spacing and routing. These requirements are reiterated specifically in drawing potes to further
assure compliance. Variation between the artwork master and the final product {due o irrcpularities of the ctching process)
are alsa cantrolied by drawing notes. This prevents making defective boards from good artwark. Heles which bouse g lead
oF terminal, but serve oniy to electrically interconpect the different boand layers, contain stitch bars for mechanical support
and increased reliability.

The through holes are drilled From a deill tape thus eliminating the possbility of human error and allowing tight confrol sver
hule and annalar ring concentricity, an important reliability eriterion. Afier drilliug and etching, all copper cladding is tin-
lcad plated per MIL-STB-1495. This provides for easy and relizble soldering 2t the time of board assembly, even after
perieds of prolonged storage. '

BOARD ASSEMELY DESIGN

All components sr¢ installed in 2 manner which assures masimuem reliability. Component leads are pre-tinned, allowing
total werting of colder joines. Allleads are formed ta provide siress relief and the bodies of large components are staked.
Special mownting and handing instructiony are included in egch drawing vequired after final assembly, The buard is coaled
with urethane which protects againsi humidily &nd contaminakion.

(B} TEST: ACCEFTANCE
Each assembly is individually rested tn 2 NASA approved Acceptaoce Test Frocedure TR-AT-3278820. The Acceptance Test
Flow is detailed in Table 1.

OTALIFICATHON TEST :

The qualification unit is identical to the flight unkt configuration in &veey respect and is used solely for the purpose of
qualification testing, The Qual unit must suctessiully complete scceptance testing prior to entering qualification testing. The
Gual unit has passed testing in accordance with NASA approved test plan PN-C-3278890. The Qualification Test Fiow is.
detailed in Table 2.

OPERATIONAL TESTS

In order to verify that CCTV components are operational, @ test must verily the healik of all the command celated
components from the PHS (ATAL) panel switch, through the RCU, through the syoc Yines 10 the CameraPTL, to the
Camera/PTU command decoder. The test must atso verily the camera’s ability wo produce video, the VELU's ability to route
video, and the moniter’s ability to display video. A similar test would be performed to verify the MDM command paih.

Pri-Launch on Ochiter TestIn-Flight Tesi
1.  Power CUTV Svstem.
1. Vig the PAS panel, select 2 monitor.
1. Cend *Camera Power On™ comunand irom the
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMEER: 31,1540 ORIGINATOR: JSC/MM ASTRO FROJELT: GFE .
FART NAME: ELBOW STACK LEIVORT PART NUMEER: 32 78330-500 QTUANTITY: 1
FART NUMBER: 32T3820-504 LEU/ORLU PART NAME; CTVC SYSTEM: CCTY
L5C CONTROL NO:S/A DRAWING/REF DESIGNATOR: 3278550 SUBSYSTEM:
ZONE/LOCATION:NA EEFECTIVITY/AFFECT STAGE:
the PHS pancl.
4. Select “External Sync® on monitor.
3 Observe viden displayed on monitar.

Note that if videe oo mooiter is synchronlzed
(i, stable rasierk
6. Send Pan, Tilt, Focus, Zeom, ALC, and Gamma
commands aod visually either via the
menitor or direct abservation} verily
QpeTation.
7. Select downlink as dedtination and
camera under (est A5 SOLre.
8. Observe vides routed 10 downlink
9. Sand “Camera Power O command via PHS panel.
10. EHepeai Sieps 3 through § except issol
command via the MDM comrnacd path.

(C) INSPECTION:

Procurement Contrpl - The CTVC EEE Parts and hardware ltems are procured from approved veoders and supplicrs,
which meet the requircments set Torth in the CTYC contract. Resident DPRO personnel review sl procurement documents
1o cstablisk the need Tor GSIon selected parts (PALSIT),

Tncoming Inspection and Storage - Incoming Quality inspections ure made on all received materials and parts. Remlts are .
recorded by bot and retained in file by drawing and tonirol numbers for future reference and traceability. Al EEE parts are
subjected to incoming accepiance tests as called for in PAL 315 - Incoming Inspection Test Instructions. Incoming flight parts

are lurther processed in accordance with GE 1846681 - Preconditioning and Acceptance Requirements for Elaccronic Farte,

with the exception that DPA and PIND testing is oot performed, Mechanical items are inspecied per FAL 316 - Incoming

Inspection Ingtructivns for Mechanical items, PAT 305 - Incoming Quality Contro) Inspection Instructicn, and PAL 612 -

Prucedure for Frocessing incoming or Purchated Parts Destrned for Flight Use. Acceptance items are delivered te Material
Cantrelled Stares and retained under specified conditions until falirication 35 required. Non-conforming materials are held

for Material Review Board (MEB) disposition. (PAIL-307, PAl IQC-531)

Buard Assembly & Test - Prior to the start of TVC board 2ssembly, all items are verified 1o be correct by stock roem
personnel , as the items are accumulated o form a kit. The items are verified agaio by the eperator who assemhbles the kit by
checking apainst the as-buiit-parts-list (ABFL). DPR.O Mandatory Inspection Points are designed for all printed circuit, wire
wrap and welded wike Dosards, plus baress connectors for soldering wiring, trimpiog, soider splices and quality
workmanship prior tv coating of the component ride of boards and sleeviog of harnesses.

CTYC Boards

Specific CTVC board assembly and test instructians are provided in drawing notes, and appliczhie documents are called our
in the Fahricatian Procedure and Racord (FPR-3278890} and parts list PL3278880. Thess include Process Standard RTV-
%G5 2280851, Process Standard - Bonding Velern Fape 2280889, Specification Soldering-Specification Crimping 22808960,
Specificativo - Bonding and Siaking 2220878, Specification - Marking 2280876, Specification - Workmanship 80300335,
Specification Bonding and Staking 2230875, specification-Wave Solder 2180821, Specification-¥rinted Wire Board Staking
2280851, Specification-Reflow Soldering 1180754, Specification-Sotdering Surface Mount Components 205710,

CTYC Axzcmbly and Test
An gpen hos 1est is performed per TE-IT-3278890 and an Acceplance Test per TP-AT-327888, including vibrativn and
thermal vacuum. Torgue’s are specificd ang witnessed, traceabitity numbers are recorded and calibrated tools ave checked .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: 3.18.0 ORIGINATOR: JSC/MM ASTRO PROJECT: GFE
PART NAME: ELEOW 3TACK LEU/QORY PART NUMBER: 31 TBRE®)-506 DUANTITY: |
PART NUMEBER: 327882506 LEUW/ORYL PART NAME: CTYC SYSTEM: CCTV
LSC CONTROL NO:NfA DEAWING/REF DESIGNATOR: 3278300 SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFECT STAGE;

prior touse. GE Quality and DPRO inspections are performed a tie compietion of specified FPR operationy in accordance
with PAY-204, PAL-205, and FAL-117. DPRO persponel witness CTVC burion-up and eritical wotrquing,

The CIVC is packaged according 1o CCTV Letter 3011 and 2280746, Process Standard for Packaging and Handliog
guidelines. All related documentadion including assembly drawiogs, Pars List, ABFL., Test Data, ETC., is gathered and beld
in a documentation Tolder assigned specifically éo each assembly, This folder is retained for reference. An EIDP is prepared
for cach assembly o accordance with the requirements of W5-2593176. GE QC and DPRO personnel witness craling,
packaging, packiog, and marking, and review the EIDP for completeness and accuracy.

* TABLE 1. ACCEPTANKCE TEST FLOW

L. ROOM AMEBIENT PEREORMANCE TEST

Test conducted per the requirements of NASA
approved TP-AT-327T8800,

2. ACCEPTANCE VIERATION EXTOSTIRE
20-50 Hz: 3 db/octave rise from 0.01 g2Flz w 0.04 p2/Hz
E0-350 He: a.sé g2/hE
350-2000 Hz: 3 4P ociave decreased to 0.004 p2/Hx
Test Duration: 1 minulc/asis, opecatiag
Test Level: 6.1 grms

3, POST-VIERATION FUNCTIONAL CRECK
Test conducted per the requirements of NASA
approved TP-AT-32T8ES),

d, ACCEPTANCE THERMAL-VACUUM EXPOSTTRE
1.5 eveles tacal from +115 deg F to +14 deg F.
Afrer stabilization, one hour minimum doration
st each plateay. Io-spec functional tests performed af
cach platzau.

5 POST-ERVIEONMENTAL FERFORMANCE TEST
Room ambient performance test conducted in
accordance milh NASA xppn:n'l‘:ﬂ TF-AT-32788040.

TABLE 2. QUALIFICATION TEST FLOW

1. EMI
Copduct t2sts run in accordance with the reguirements of
SL-E-RONZE, including 501, {502, Chis, TTO1, CEDL, and CE03
Eadiated tests run in  aceordance with SL-EOQ02E including BRS02, BRS03,
and REDL except that the test current for K802 was 2 amps io liew of 20 amps

Iz, QUALFORACCFPTANCE VIBRATION
20-80 Hi: 2dbiociave increasing e 0067 giHz

F0-350 Hx: (06T octave
350-20000 Hz: 3dbioctave decreas:
Tesl Lewel: 7.8 pring
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

¥MEA NUMBER: 1.15.0 ORIGINATOR: JSC/MM ASTRO FROJECT: GFE
FART NAME: ELEOW 5TACK LEU/ORU PART NUMBER: 327R8%6-506 QT ANTITY: 1
FART NUMBER: 32748%0-506 LRU/ORYU PART NAME: CTVC SYSTEM. CCTY
L5C CONTRAL NO:NiA DRAWING/REF DESIGNATOR: 1278390 SUESYSTEM:
ZONETLOCATION:NA EFFECTIVITY/AFFECT STAGE:

Test Duration: 3 minutes/axis nperating

3. FLIGHT QUALTFICATION YIBRATION
20-70 Hz: % dBfoctave increasing €0 0.4 g2/Hz
F0-500 Hz: 0.4 g2/Hz
S00-2000 Hz: 6dbfpctave decrease
Test Level: 18.1 prms
Test duration 4% minutes/azis opo-operating

4. THERMAL-VACTTIM
7.5 cycles total from +130) deg F to +% deg F.
After stabilization, one bovr minimum duralion at each plateaun.
In-spee funptional tests performed at each plateau

5 THERMAT STMTULATION
Worst cas: hot and cold mistion enviconments
gimulated in vacuum. During hot casa, in-spec
operatica s required for 6 of 14 consecutive hours
During cold cage, in-spec aperation is required lor
14 consccutive hours

G HUMIDITY
120 howes exposure to 35% RH including four 24
bour temperature cycles of 60 deg F 1o +125 deg
F, nun—gperating,

{IM FAILURE HISTORY:
Nonoe -’

(E} OPERATIONAL USE:

Laoss of ability to position the elbow camera, Possihle inability to svow (e KMS if the clbow camera
physically interferes with a payload. If RMS cunnot be stowed the port parlead bay door cannot
be closed. Loss of crew and vehicle, -

{(F) MAINTAINARILITY:

FREPARED BY:Bérmie Embrey REVIS]ON:

DATE: Febrsary 17, 1955 WAIVER NUMEER:
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